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vXyqYJenpq`jk ¡cVkv°gq`bink
φ : R+ → R+
.,pucvTleQp
φ(m) = mα
¢
α < 0
0 ¢ YTePnY
Yφ(f(t, .)) +
1
2
∫ t
0
∫
Ω
Yφ(f(τ)) dxdτ ≤ Yφ(f
in) ,
.Ao§ÎﬀZ 0
#`jgqT
Yφ(f) :=
∫
Ω
∫
Y
f(x, y)φ(m) dydx,
Yφ(f) :=
∫
Y
∫
Y
a φ(m) f f ′ dydx .
•
inyGerkat«kinko²
s
Y7vXyqYJenpq`jkerk
s
kViQkVkVY7Qeﬀgh`jQY}¡ckv°gh`jiQk
φ : R+ → R+
¢
Y[kVirgh`bvXY[gqTerg
|p+ p′| ≤ |p|+ |p′| ≤ (m+m′) max(|v|, |v′|),
enk
s
gqTacp
|v′′| ≤ max(|v|, |v′|)
§S4TVYEWinkVingqink`bvX`¥g{t in
φ
gqTVY7k `bWmVdj`bY7p¦gqTerg
φ
¡cVdj¤dfp .,V§ Qﬁ0°§
,CiQkpqY7´2cVYXk2ghdjt
¢
t 7−→
∫
Ω
∫
Y
f(t, x, y)φ(|v|) dydx
`fpekViQko²Å`jkvXyqYJenpq`jk¡cVkv°gh`jiQk in?gq`bWYn§~}pe¤yhpugvXinkpqY7´2cVY7kv	Yir¬ghTV`bp©ÓeQv°g
¢
Y yhY7endj`bªXY gqTerg
¢
`j
pqcVmVm
f in ⊂ VR := {(x, y) ∈ Ω × Y, |v| ≤ R}
¢
ghTVYXkRpucmVm
f(t) ⊂ VR
¡iny[erkat
t ≥ 0
.ÓenmVmVdbtlgqTVY
myqY72`bincpCyhY7pqcVdjg##`¥ghTghTVYvTViQ`bvXY
φ = 1[R,+∞)
0	§
•
,Cinkpq`
s
YXyCkViﬀekViQkVkVY7Qeﬀgh`jQYGerk
s
kVinkV²A`bkv	yhY7eQpu`bkV[¡cVkv°gq`bink
φ1 : R+ → R
erk
s
ekVinkkVYX2eﬀgq`bnY
enk
s
v	inkaQY	w¦¡cVkv	gq`bink
φ2 : R
3 → R
§?S4TVYXk
t 7−→
∫
Ω
∫
Y
f(t, x, y)m φ1(m)φ2(v) dydx
`fpGekViQko²Å`jkvXyqYJenpq`jk¡ckv°gh`jiQkEir<gq`bW]YQ§ =³k
s
YXY
s£¢
mVcVgugq`bkV
φ(y) = m φ1(m) φ2(p/m)
¢
y ∈ Y
¢
ghTVY
vXinkanYXwo`¥g{t¦in
φ2
erk
s
ghTVYWinkVingqink`bvX`¥g{t«in
φ1
YXkpucVyhYgqTerg
φ(y + y′) = (m+m′) φ1(m+m
′) φ2
(
m
m+m′
v +
m′
m+m′
v′
)
≤ φ1(m+m
′) (m φ2(v) +m
′ φ2(v
′))
≤ m φ1(m) φ2(v) +m
′ φ1(m
′) φ2(v
′) ,
enk
s
gqTVY[¡cVkv°gq`bink
φ
pqergq`fp{¤YJp .,V§ Qﬁ0°§
üü ÇAVÚhÚ	Ý
4J
 #<  	9 ﬁ3ﬀ 		7ﬁ 
 1#3!"	ﬀ
~ ¤ypug`bk2gqYXyhY7pugq`bkVv	iQkpuYJ´2cVYXkvXY©in$ghTV`bp4yhY7pqcVdjg#`bpghTVY s Y7v7ePt¦ir$ghTVY[ a`jkVYXgq`fvYXkVY7yqQt .¡#`jgqTgqTVY
vTin`fv	Y
φ(y) = |p|2/m
¢ ghTeﬀgG`fp ¢
φ1(m) = 1
enk s
φ2(v) = |v|
2 0?
∫
Ω
∫
Y
f(t, x, y)
|p|2
m
dydx+
1
2
∫ t
0
∫
Ω
Eke(f(t, x, .)) dxdt =
∫
Ω
∫
Y
f in(x, y)
|p|2
m
dydx,
.Ao§Î;0
#TYXyhY
Eke(f) :=
∫
Y
∫
Y
a
mm′
m+m′
|v − v′|2 f f ′ dy′dy .
.Ao§Î %0
~ WinyhYQYXkVY7yhendmyqiQmY7yug{tE`fp[env°ghcerdbdbtEPendj` s §ﬃ,Cinkpq` s YXy[ekVinkVkYXQergq`bnY]erk s kVinko² s YJv	yhY7enpq`bkV
vXinkanYXw¡ckv°gh`jiQk
λ ∈ C1([0,+∞))
pucvT½gqTeﬀg
λ(0) = 0
§ + `jgqTŁgqTVY¦vTViQ`bvXY
φ(y) = m λ(|p|/m)
.¡gqTergG`bp ¢
φ1(m) = 1
erk s
φ2(v) = λ(|v|)
0 ¢ gqTVY[¡ckv°gh`jiQk
φ
`fp#pucVe sVs `jgq`bnYenk s CY[TePQY
∫
Ω
∫
Y
f(t, x, y)mλ(|v|) dydx +
1
2
∫ t
0
∫
Ω
Eλ(f(t, x)) dxdt ≤
∫
Ω
∫
Y
f in(x, y)mλ(|v|) dydx,
.Ao§ÎQ90
#TYXyhY
Eλ(f) :=
∫
Y
∫
Y
am Λ
(
|p|
m
,
|p|+ |p′|
m+m′
)
f f ′ dy′dy , Λ(A,B) :=
∫ B
A
(λ′(B)− λ′(z)) dz .
.Ao§Îr%0
=³k
s
YXY
s£¢
mVcogqgq`bkV
w = (|p|+ |p′|)/(m+m′)
¢
gqTYWiQkVirghinkV`fv	`jg{t«ir
λ
Y7kQger`bdbpghTeﬀg
φ(y) + φ(y′)− φ(y + y′) ≥ m′ (λ(|v′|)− λ(w)) +m (λ(|v|) − λ(w)).
S4TY[vXinkanYXwo`¥g{t¦in
λ
enk
s
gqTVY`
s
YXk2gh`¥g{t
m′ (|v′| − w) = m (w − |v|)
ghTVYXkl`bWmVdjt
φ(y) + φ(y′)− φ(y + y′) ≥ m′ (|v′| − w)λ′(w) −m
∫ w
|v|
λ′(z) dz
≥ m
∫ w
|v|
(λ′(w) − λ′(z)) dz = Λ(|v|, w) .
~}kVirghTVYXyGvXinkpqY7´2cVY7kv	Y[`fpgqTVY[¡iQdjdbiﬀ#`bkV§¬ViQyGerkat«v	iQkanY	w¡cVkv°gh`jiQk
ω : R3 → R+
¢
gqTVY[¡ckv°gh`jiQk
t 7−→
∫
Ω
∫
Y
f(t, x, y)ω(x− v t) dydx
`fp?ekViQko²A`bkvXyqYJenpq`jkV©¡cVkv	gq`bink¦ingh`jWYn§ =³k
s
Y7Y
s£¢
¡iny¬YJenvT
(t, x) ∈ R+×R
3 ¢ φ : y 7→ ω(x−v t)
`fp?e
vXinkanYXw¡cVkv	gq`bink¦in
v
erk
s
`fp¬gqTacp:pucVe
sVs
`jgq`bnYQ§¬S4TVYXyhY	¡iQyqY
¢
eﬀäghYXy?WcVd¥gh`jmdjta`bkVﬃ.54Q§"4 0 at
ω(x−v t)
enk
s
`bkQghYXQyhergq`bink
¢
gqTVYv	ink2ghyq`bVcogh`jiQk ir4gqTVYv	i2erdbY7phv	YXkv	Y]gqY7yqW`bpkViQkVkVYX2eﬀgh`jQY
¢
#T`jdbY«ghTVY¦gqY7yqW¦p
yhY7pqcVdjgq`bkV¡yhinW gqTYG¡yhYXYGghyhenkpqmiQyugCv7erkvXYXdA§ =³kmeryqgq`fv	cVdfery
¢
ger a`bkV
ω(z) = |z|θ
¢
θ ≥ 1
¢
z ∈ R3
¢
CY
iQoghen`jk ∫
Ω
∫
Y
f(t, x, y) |x− v t|θ dydx ≤
∫
Ω
∫
Y
f in(x, y) |x|θ dydx , t ≥ 0 .
.Ao§Î  %0
÷¡û<ü¨÷äØ
 
	ﬁﬀﬃﬂ ﬁ!"	#%$'&ﬁﬀ(!"	#
4;4
•
<`jkendjdbt ¢ dbY	g
Φ : [0,+∞) → [0,+∞)
HY e¼kVinkkVYX2eﬀgq`bnYRerk s v	iQk2QY	w ¡cVkv	gq`bink pqergq`fp{¡ta`bkV
Φ(0) = 0
§¬S4TVYXk
t 7−→
∫
Ω
∫
Y
Φ(f(t, x, y)) dydx
`fp#e]kVinkV²A`bkv	yhY7eQpu`bkV¡cVkv	gq`binklirgq`bW]YQ§ ¾ iQyqYmVyhY7v	`fpqYXdbt ¢ YTePnYgqTVY[¡iQdjdbiﬀ#`bkVyhY7pqcVdjg
 C¶      
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! 3
f
   !/ﬀﬃ./#0&'ﬀ #1#! 	(#
∫
Ω
∫
Y
Φ(f(t, x, y)) dydx+
∫ t
0
∫
Ω
DΦ(f(τ, x)) dxdτ ≤
∫
Ω
∫
Y
Φ(f in(x, y)) dydx ,
.Ao§ n%0
1 	ﬀ 	
DΦ(f) := D
1
Φ(f) +D
2
Φ(f)

D1Φ(f) :=
1
2
∫
Y 2
a(y, y′) (f ∨ f ′) Φ(f ∧ f ′) dydy′ ≥ 0 ,
.Ao§  470
D2Φ(f) :=
∫
Y 2
a(y, y′) Ψ(f) f ′ 1(m,+∞)×R3(y
′) dy′dy ≥ 0 ,
ﬁ	
Ψ(u) := u Φ′(u)− Φ(u) ≥ 0
ﬁﬀ
u ≥ 0
 	ﬀ 	 	

	!6ﬃ1  1 	  #	  	
 #
f ∨ f ′ =
max {f, f ′}
	
f ∧ f ′ = min {f, f ′}

+ TVY7k
Φ(u) = up
¢
p > 1
¢
gqTV`fpyqYJpucVdjgTenpY7YXkmVyhiﬀnY
s
`jk  4 ¡inygqTVY ^aWindbcvTViﬀGpq 2`
YJ´2ceﬀgh`jiQk¨§


º¨º

+RY[¤yhpugGyhY7vXendjd¨gqTergGgqTVYvXinkanYXwv	iQkﬀz{cV2eﬀgqY
Φ∗
ir
Φ
`fp}ekinkVkVY7Qergq`bnYv	iQk2QY	w¦¡cVkv°gq`bink
Q`jQYXk2t
Φ∗(u) := sup
w≥0
{u w − Φ(w)}
¡iQy
u ≥ 0
§ =³kEe
sVs
`jgq`bink
¢
Y[TePnY©gqTY	?incVkV`bkVY7´2cendj`jg{t
u w ≤ Φ(u) + Φ∗(w) , u, w ≥ 0 ,
.Ao§ Q;0
enk
s
gqTVY`bkVY7´2cendj`jg{t
Φ∗(Φ′(u)) ≤ Ψ(u) , u ≥ 0 .
.Ao§ n%0
|t .Ao§ Qﬁ04enk
s
.,o§ n;0CY[TePQY
∫
Y 2
a f f ′ Φ′(f ′′) dy′dy =
∫
Y 2
a (f ∧ f ′) (f ∨ f ′) Φ′(f ′′) dy′dy
≤
∫
Y 2
a (f ∧ f ′) {Φ(f ∨ f ′) + Φ∗(Φ′(f ′′))} dy′dy
≤
∫
Y 2
a (f ∧ f ′) Φ(f ∨ f ′) dy′dy +
∫
Y 2
a (f ∧ f ′) Ψ(f ′′) dy′dy.
üü ÇAVÚhÚ	Ý
4P
 #<  	9 ﬁ3ﬀ 		7ﬁ 
 1#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+RY kiﬀ cpuY .54Q§ 90#gqiiQcVk s ghTVYpqY7vXink s gqYXyhW ir¬ghTVY yh`jQT2gu²ÅTerk s pq` s Y in¬gqTVYerHiﬀnY`bkVY7´2cendj`jg{t
enk ss Y s cv	Y[gqTeﬀg
∫
Y 2
a f f ′ Φ′(f ′′) dy′dy ≤
∫
Y 2
a (f ∧ f ′) Φ(f ∨ f ′) dy′dy
+
∫
Y 2
(a(y, y′′) + a(y′, y′′)) (f ∧ f ′) Ψ(f ′′) dy′dy
≤
∫
Y 2
a (f ∧ f ′) Φ(f ∨ f ′) dy′dy + 2
∫
Y 2
a(y′, y′′) f ′ Ψ(f ′′) dy′dy
≤
∫
Y 2
a (f ∧ f ′) Φ(f ∨ f ′) dy′dy
+ 2
∫
Y 2
a f ′ Ψ(f) 1(0,m)×R3(y
′) dy′dy .
,CiQkpqY7´2cVYXk2ghdjt
¢
∫
Y
Q(f) Φ′(f) dy =
1
2
∫
Y 2
a f f ′ (Φ′(f ′′)− Φ′(f)− Φ′(f ′)) dy′dy
≤
1
2
∫
Y 2
a (f ∧ f ′) Φ(f ∨ f ′) dy′dy +
∫
Y 2
a f ′ Ψ(f) 1(0,m)×R3(y
′) dy′dy
−
∫
Y 2
a Ψ(f) f ′ dy′dy −
1
2
∫
Y 2
a (Φ(f) f ′ + Φ(f ′) f) dy′dy ,
#TYXkvXY .Ao§ n90	§
ut
+RYCpqcVWW¦eryh`jª7Y
¢
`jkghTVY?kVYXwagyhY7pqcVd¥g
¢
ghTVY
 @ﬀ(ﬀ(
Y7pugq`bW¦eﬀghY7p¨iQk[gqTVYpuiQdjcVgq`binkp.ghi .54Q§"4 0.inVgher`bkVY
s
`bkgqTV`fp#pqY7v°gh`jiQk¨§

¶aº

¶
    

# #('	  
f in
#ﬁ1#3 	(#
K(f in) :=
∫
Ω
∫
Y
(
Φ(f in(x, y)) + f in(x, y)
(
r(m) + 1 +m+ |p|+mλ
(
|p|
m
)))
dxdy <∞,
.Ao§ rZ 0
ﬁﬀ#ﬃ'	 
ﬁ
	 $%!5 	ﬁ	 
ﬁ . ;	 ﬀ 	< #( $ <ﬁ 5	+*><3@#
Φ ∈ C1([0,+∞))
ﬁ	
λ ∈ C1([0,+∞))
#(  
Φ(0) = 0
 
λ(0) = 0
   #  	/
ﬁ
	 $%!5 	2	 
. 
ﬀ 	< #(%$ <3
ﬁ
r ∈ C((0,+∞))
 ( 	  #! 3ﬁ
f
  !/ﬀﬃ./#0&'ﬀﬁﬀ/ ﬁ!!98ﬃ#ﬁ1#3 	#
sup
t≥0
∫
Ω
∫
Y
(
Φ(f(t, x, y)) + f(t, x, y)
(
r(m) + 1 +m+ |p|+mλ
(
|p|
m
)))
dxdy ≤ K(f in),
.Ao§ ;0∫ ∞
0
∫
Ω
(DΦ(f(τ, x)) + Y1(f(τ, x)) + Yr(f(τ, x)) + Eλ(f(τ, x))) dxdτ ≤ 2 K(f
in),
.Ao§ %0
1 	ﬀ 	
Y1

Yr

Eλ
 
DΦ
ﬀ 	 ;	  
	' & 0&#ﬀ1  
φ = 1
	
φ = r
 ﬀ 	(#	<!5 	!98 ﬀ & 0&'ﬀ
ﬁ	 & "$ﬀﬀ 	# 	<!5	!98#
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4J
  
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X!	 ﬁ0
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¶

	

	
º

   	
f in
 	  
ﬁ@	$%!5	 <3
 #ﬁ1#  8%$
(
!ﬃ&
)
 
 1 	<' #! 3  
!/ﬀﬃ./#0&'ﬀ'1# ﬃ
ﬁ
	 $%!5 	 <3

f ∈ C([0,+∞);L1(Ω× Y )) , f(0) = f in ,
#ﬁ1#  8%$  & $ﬀ  & -ﬀﬃﬀ #  	 
ﬁ@	$%!5	ﬁ	 @. 9	<ﬀ 	 #(%$ < 5	 * <3@#
Φ ∈
C1([0,+∞))
	
λ ∈ C1([0,+∞))
ﬁ	 #ﬃ'	 
 
	 $%!5 	ﬃ<ﬁ 5	+* ﬁ	-
ﬁ . 
ﬀ 	< #( $ <3@-.

r ∈ C1((0,+∞))
#<   ﬁ
Φ(0) = 0

λ(0) = 0

lim
u→+∞
λ′(u) = lim
u→+∞
Φ(u)
u
= +∞
	
lim
m→0
r(m) = +∞ ,
.,V§ 290
  $;	 	ﬀ 1     	 	<ﬁﬁ  !/ﬀﬃ   	#	 #	 5 ﬁ1#(ﬀ(

3ﬁ #$

   #(ﬁ! #-#ﬁ1#  8- 	'ﬁ!9.
 !5	 @ﬀ  	ﬀ(	# ! 'ﬀﬃﬂ #!/ﬀ# <	'  ﬁ   	

ﬁ3	#  & $ﬀ  & -ﬀ !
! 8   	 
!/ﬀ6'';	(##	#	 #(
<	ﬃﬀ ﬁ 8
T ∈ R+

Qi(f) ∈ L
1(ΩT × Y ), i = 1, 2.
.,V§ n%0
+RYkViﬀ*pughergqYe]Y7er «pughenV`bdj`jg{t«mVyh`jkv	`bmVdjY[¡iQy#CYJer «pqindbcogq`binkpgqi .54Q§"470Å²(.54n§Îﬁ0	§
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¶aº

¶
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ﬀ
n ≥ 1
 !"	
fn

	 61 	<  #! 3ﬁ   !$ﬀ ./0&$ﬀ21   ! ;
fn(0)



#<#<'	 <3ﬀ( 	ﬀ   ﬁ  & $ﬀ   &  ﬀ ! 3  ﬀ/ !981  'ﬀ 	(#	 > 
n ≥ 1
1  
K(fn(0)) ≤
K0
ﬀ#ﬃ'	
K0 > 0
 <3@#
(Φ, λ, r)
#1#  8%$    ﬀ  (		- 	ﬀ 	 	 *91#(>#(

#	<	@ 	
(fnk)
5
(fn)
ﬁ	  <3
ﬁ
f
#(  
f
1#  1 	   #ﬁ! 3ﬁ  !/ﬀﬃ./#0&'ﬀ


fnk −→ f

C([0, T );w − L1(BR × Y )),
Qi(fnk ) ⇀ Qi(f)

L1((0, T )×BR × YR)
.,V§ # %0
ﬁﬀ 8
T,R ∈ R+
ﬁ	
i ∈ {1, 2}
 1  
YR := (0, R)×BR
 ﬁ	
∫
Y
ψ(y) fnk dy −→
∫
Y
ψ(y) f dy

L1((0, T )×BR)
.,V§ ZQ%0
ﬁﬀ
ψ ∈ D(Y )
  	ﬀ 	
D(Y )
9	
ﬁ 	#  	 # 9<	ﬃ8
C∞
. # '7  	 <  9! 8 #( #ﬀ( 	<3
$.
# 
Y
ﬁ	
C([0, T );w−L1(Ω×Y ))
  	 #9<	 5 1 	<'ﬁ!98 <ﬁ # <3@# <ﬀ  
[0, T )

L1(Ω× Y )


& ﬁ<¦  
#ﬁ0
ﬀ
 ﬂﬁﬃ
=³kgqTV`fp#pqY7v°gh`jiQk
¢
CY[v	iQkpq`
s
Y7y#epqY7´2cVY7kv	Y
(fn)
ir0puiQdjcVgq`binkp:gqi .54Q§"470Cpheﬀgh`bpu¡ta`jkgqTYyhY7´2cV`byhYXWYXk2ghp
in[S4TYXinyhYXW § V§ +ŁYl¤yhpug«mVyhiﬀnYgqTerg .,o§ 90erk
s
.,V§ 90]ncenyhenk2gqYXYgqTYECYJer ¼vXinWmenv	gqkVYJpqp
`bk
L1
ir
(fn)
erk
s
(Qi(fn))
¢
i = 1, 2
§lS4TVY«kVYXwagp{ghYXm `fp[gqi cpuY«gqTVY«myqiQmY7yugh`jYJpir4gqTY«dj`bkVYJery
ghyhenkpqmiQyug[Y7´2cergq`binkŁgqiEinVgher`bkŁgqTVY«pugqyhinkV
L1
²ÅvXinWmeQv°gqkY7php©in
y
²³ePnYXyerQY7p}`jk eePt½pq`bW]`bdfery[gqi
ghTVYl|CiQd¥ghªXW¦erkk Y7´2cergq`bink 64Å§ S4Terk ap gqiŁgqTYpugqyhinkVŁv	inWmeQv°ghkVY7phpghT2cpiQoghen`jkY
s£¢
YW¦ePt
`
s
Y7kQgh`¥¡tgqTVYdb`bW]`jgGir<gqTYkVinkVdb`bkVY7eny4vXiQenncVdfeﬀgh`jiQk«gqY7yqW
(Q(fn))
§
üü ÇAVÚhÚ	Ý
47Z
 #<  	9 ﬁ3ﬀ 		7ﬁ 
 1#3!"	ﬀ
  	
ﬀﬁﬂﬃ !"#$%$&'	()
+RY¤yp{g4mVyhiﬀnYGghTeﬀg .Ao§ ﬁ0erk s .Ao§ 90C`bW]mdjt¦ghTVY[CYJer 
L1
²ÅvXinWmeQv°gqkY7phpCin
(fn)
enk s
(Q1(fn))
§
 C¶      +* 7
ﬁﬀ 	<9
T > 0
ﬁ	
R > 0
   	 #	<	
<	
(fn)
1# 1 	< !98'<ﬃ ;>
L1((0, T )×
BR × Y )
	   	#	<	
<	
(Q1(fn))
1#1 	<'ﬁ!98    9
L1((0, T )× BR × YR)
 1  	ﬀ 	
YR
1# ;	  
	'   -,$ﬀ#
  º¨º  +ŁY¤Vw
T > 0
erk s
R > 0
§ ­ pqYXyhnY¤yhpuggqTergghTVY¤yhpugenphpuY7yugh`jiQkEirC¯$YXWW¦eZ§ø`fpe
pugqyer`bnT2gq¡inyheny s vXinkpqY7´2cVY7kv	Y[ir.,V§ ﬁ0 ¢ .,V§ 204enk s gqTVY±©cVko¡iQy s ²Åx0Y	gqgq`fp4gqTVY7inyhYXWl§
+RYkVYXwagp{ghc s tRgqTY«CYJer Rv	inWmeQv°ghkVY7phpmVyhinmHYXyqgq`bY7p ir
(Q1(fn))
§½¯$Y	g
E
HYelWY7eQpucyhenVdjY
pqcVpqY	g]ir
(0, T ) × BR × YR
erk
s
djYXg
M
¢
N
¢
δ
enk
s
R1
Ymi2pu`jgq`bnYyqYJerdkacVW HYXyppqcvT ghTeﬀg
R1 ≥ R+ 2R
2/δ
§¬x?cVgugq`bkV
ϕ = 1E
erk
s
A = An(t, x, y, y
′) := a(y, y′) fn(t, x, y) fn(t, x, y
′) ,
enk
s
mY7yu¡iQyqW`bkV]gqTVYvTenkVnYir0ﬀeryh`benVdbY7p
(y, y′) → (y′, y − y′)
¢
Y[TePnY
∫
YR
Q1(fn) ϕ dy = I1 + J1
#`jgqT
2I1 =
∫ δ
0
∫
R3
∫ R
0
∫
B(−p′,R)
Aϕ′′ dydy′ +
∫ R
δ
∫
R3
∫ δ
0
∫
B(−p′,R)
Aϕ′′ dydy′
+
∫ R
δ
∫
{|p′|>R1}
∫ R
δ
∫
B(−p′,R)
Aϕ′′ dydy′
+
∫ R
δ
∫
{|p′|≤R1}
∫ R
δ
∫
B(−p′,R)
Aϕ′′ 1a≥N dydy
′ .ÓZ§ Z4 0
enk
s
J1 =
1
2
∫ R
δ
∫
{|p′|≤R1}
∫ R
δ
∫
B(−p′,R)
Aϕ′′ 1a≤N dydy
′.
­
kgqTYinkVY[Tenk
s£¢
iQpuY7yqa`bkVgqTerg
|p|
m
≤
R
δ
≤
R1
2R
≤
|p′|+ |p|
m+m′
,
pqi]gqTerg
mΛ
(
|p|
m
,
|p′|+ |p|
m+m′
)
≥ Λδ,R(R1) := δΛ
(
R
δ
,
R1
2R
)
÷¡û<ü¨÷äØ
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4
¡iQy
y ∈ (δ, R)×B(−p′, R)
erk s
y′ ∈ (δ, R)×BcR1
¢ erk s
A = a (fn ∨ f
′
n) (fn ∧ f
′
n)
≤ a (fn ∨ f
′
n)M 1fn∧f ′n≤M +
M
Φ(M)
a (fn ∨ f
′
n) Φ(fn ∧ f
′
n)1fn∧f ′n≥M
≤ a (fn + f
′
n)M +
M
Φ(M)
a (fn ∨ f
′
n) Φ(fn ∧ f
′
n),
.ÓZ§ Z2;0
Y[nYXg
2I1 ≤
1
r(δ)
∫ δ
0
∫ ∫ R
0
∫
B(−p′,R)
r(m) A dydy′ +
1
r(δ)
∫ R
δ
∫ ∫ δ
0
∫
B(−p′,R)
r(m′) A dydy′
+
1
Λδ,R(R1)
∫ R
δ
∫
{|p′|>R1}
∫ R
δ
∫
B(−p′,R)
m Λ
(
|p|
m
,
|p|+ |p′|
m+m′
)
A dydy′
+M
∫ ∫
Y 2δ,R+R1
a1a≥N (fn + f
′
n) dydy
′
+
M
Φ(M)
∫ ∫
Y 2δ,R+R1
a (fn ∨ f
′
n) Φ(fn ∧ f
′
n) dydy
′
≤
2
r(δ)
Yr(fn(t, x)) +
1
Λδ,R(R1)
Eλ(fn(t, x))
+2M aδ,R+R1(N)
∫
Y
fn(t, x) dy + 2
M
Φ(M)
D1Φ(fn(t, x)) .
­
kgqTYirgqTYXy#Tenk
s£¢
at .84n§  904erk
s
.ÓZ§ Z20
¢
CYTePQY
J1 ≤
∫
Yδ,R+R1
∫
Yδ,R+R1
A1a≤N ϕ
′′ dydy′
≤ M N
∫
Yδ,R+R1
∫
Yδ,R+R1
(fn + f
′
n) ϕ
′′ dydy′ +
2 M
Φ(M)
D1Φ(fn(t, x))
≤ 2MN
∫
Y 2
fn ϕ
′ dy′dy +
2 M
Φ(M)
D1Φ(fn(t, x)) .
+RY[kViﬀ2eﬀgqTYXygqTVY[mVyhYXa`bincpCY7pugq`bW¦eﬀghY7p#erk
s
`bkQghYXQyhergqYiﬀnYXy
(0, T )×BR
§
­
#`jkVgqi .Ao§ ﬁ0erk
s
.Ao§ 90
¢
YY7k
s
cVm#`¥ghT
2
∫ T
0
∫
BR
∫
YR
Q1(fn) ϕ dydxdt ≤
2 K0
r(δ)
+
K0
Λδ,R(R1)
+
4 M
Φ(M)
K0
+2M aδ,R+R1(N)K0 + MN
∫ T
0
∫
BR
∫
Y 2
fn ϕ
′ dy′dydxdt .
üü ÇAVÚhÚ	Ý
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 pu`bkVgqTVYGendjyhY7e s tY7pughenVdb`bpqTVY s Y7er vXinWmeQv°gqkY7phpin
(fn)
`jk
L1((0, T )×BR×Y )
erk s .54Q§  %0 ¢
Y¦W¦ePtŁmenphp[gqiEghTVY«db`jW`jg ¤ypugenp
|E| → 0
¢ gqTVY7k¼enp
N → +∞
¢
R1 → +∞
¢ erk s ¤kerdbdjt enp
M → +∞
erk s
δ → 0
gqi¦v	iQkv	dbc s YgqTeﬀg
lim
|E|→0
sup
n≥1
∫ T
0
∫
BR
∫
YR
Q1(fn) 1E dydxdt = 0 ,
erägqY7yGkVirgh`bvX`jk¦gqTerg.Ó§ a04`bWmVdj`bY7pGgqTerg
Λδ,R(R1) → +∞
enp
R1 → +∞
§#S4TVYXyhY	¡iQyqY ¢
(Q1(fn))
`fp4Y7er adbtv	iQWmenv	g4`bk
L1((0, T )×BR × YR)
at«ghTVY±}cko¡iny s ²Åx<YXgugh`bp4ghTVYXiQyqY7Wl§
ut
­ #`bkVRgqiRgqTYlpugqyhcv	gqcVyhYlir}ghTVY½v	i2erdbY7phv	Y7kv	YY7´2ceﬀgh`jiQk .84n§64 0 ¢ `jg¦gqcVyhkpincVg]ghTeﬀgghTVYECYJer 
L1
²³v	iQW]menv°ghkVY7phpir
(Q1(fn))
mVyhiﬀa` s Y7ppqinWY¦e sVs `jgq`binkerd?`bko¡inyhW¦eﬀgh`jiQkRiQk
(Q2(fn))
§lS4TV`bpÓenv°g
4enp#¤yhpug}iQpuY7yqQY
s
`jk  $¡iQyGgqTY
s
`fpqvXyqYXgqY
s
` ﬂ.cpu`bnYv	iQenncVdfeﬀgh`jiQklY7´2ceﬀgh`jiQkEerk
s
e¦yhY7pqcVdjg}`bkEgqTVY
pherWYpqmV`jyh`jg4`fpGendbpqi]ePﬀen`jdferVdbY©¡iny .54Q§"4 0°§
 C¶
      
7
ﬁﬀ8
R, T > 0
   	ﬀ 	 	+*;1#(#  
ﬁ@	$%!5	 ﬁ	2
ﬁ . 9	<ﬀ 	< #(%$ <3@
θ = θR,T ∈ C
1([0,+∞))
#(   
θ′(u) → +∞
1 	
u→ +∞
ﬁ	 ∫ T
0
∫
BR
∫
Yδ,R
θ′(fn)Q2(fn) dydxdt ≤ C(δ, R, T )
.ÓZ§ ZQ%0
ﬁﬀ 8
δ ∈ (0, 1)



º¨º

VyhinW ¯¨YXWW¦e#Z§Î
¢
Y¬ 2kiﬀ ghTeﬀg
(fn(0))
¢
(fn)
enk
s
(Q1(fn))
HYXdbinkV#ghi#CYJer adbt©v	iQWmenv	g
pqcVpqY	gp?in
L1(Ω×Y )
erk
s
L1((0, T )×B2R×Y2R)
¢
yhY7pqmYJv°gq`bnY7djtQ§<S4TY}±}cko¡iny
s
²Åx<YXgugh`bp:gqTVY7inyhYXW
enk
s
eyqYX¤kVY
s
QYXypu`binkir<gqTY
s
Ydfe ?erdbdj7Y	²Åx0incphpu`bkgqTVY7inyhYXW Îr
¢
x?yhinmHiQpq`¥gh`jiQk-=°§64n§64ﬃ`jWmVdbtghTeﬀg
ghTVYXyhY«`fpeEkViQkVkVY7Qeﬀgh`jQY
¢
v	inkaQY	wRenk
s
kViQko²
s
Y7v	yhY7eQpu`bkV¡cVkv	gq`bink
θ = θR,T ∈ C
1([0,+∞))
pqcvT
ghTeﬀg
θ′(u) → +∞
enp
u→ +∞
enk
s
u θ′(u) ≤ Cθ θ(u) , u ≥ 0 ,
¡iQyGpuiQWY[vXinkpughenk2g
Cθ > 1
enk
s
K1 := sup
n≥1
{∫
B2R
∫
Y2R
θ(fn(0)) dydx+
∫ T
0
∫
B2R
∫
Y2R
(θ(fn) + θ(Q1(fn))) dydxdt
}
< +∞.
+RY½¤Vw
χ ∈ D(R3 × Y )
¢
0 ≤ χ ≤ 1
¢
pucvT gqTerg
χ ≡ 1
ink
BR × Yδ,R
erk
s
pqcVmVm
χ ⊂
B2R × Yδ/2,2R
§ +ŁY`bko¡Y7y4¡yqiQW .54Q§"4 0CgqTerg
∫
Ω
∫
Y
θ(fn(T ))χdydx+
∫
ΩT
∫
Y
θ′(fn)Q2(fn)χ dydxdt
=
∫
ΩT
∫
Y
θ′(fn)Q1(fn)χ dydxdt+
∫
ΩT
∫
Y
θ(fn) v · ∇xχ dydxdt+
∫
Ω
∫
Y
θ(fn(0))χdydx.
÷¡û<ü¨÷äØ
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4ﬀ
^o`jkvXY
θ
enk s
θ′
enyqY[kViQkVkVYX2eﬀgh`jQYenk s
θ∗(θ′(u)) ≤ u θ′(u)− θ(u) ≤ Cθ θ(u) , u ≥ 0 ,
ghTVY	?inckV`jkVYJ´2cerdb`¥g{tYXk2ghen`jdfpgqTerg
∫
ΩT
∫
Yδ,R
θ′(fn)Q2(fn) dydxdt ≤
∫
ΩT
∫
Y
θ′(fn) Q2(fn) χ dydxdt
≤
∫ T
0
∫
B2R
∫
Y2R
{θ∗(θ′(fn)) + θ(Q1(fn))} dydxdt
+
2
δ
∫ T
0
∫
B2R
∫
Yδ/2,2R
θ(fn) p · ∇xχ dydxdt +K1
≤ 2 K1 +
(
Cθ +
4R
δ
‖∇xχ‖L∞
) ∫ T
0
∫
B2R
∫
Y2R
θ(fn) dydxdt ,
#TYXkvXY .ÓZ§ ZQ90	§
ut
 C¶
      
7
ﬁﬀ-	<9
R, T > 0
  	 #	<	@<	
(Q2(fn))
1# 1 	<'ﬁ!98    9
L1((0, T ) ×
BR × YR)



º¨º

+RY ¤w
T > 0
erk
s
R > 0
§¯$Y	g
E
Ye«WY7eQpucyhenVdjYpucVpuYXg©ir
(0, T )× BR × YR
erk
s
M
¢
N
¢
δ
¢
R1
erk
s
R2
HYmi2pu`jgq`bnYyhY7end£k2cW HYXypGpucvTghTeﬀg
R1 ≥ R
erk
s
R2 ≥ 2R
2
1/δ
§?x?cogqgq`bkV
ϕ = 1E
erk
s
A = An(t, x, y, y
′) := a(y, y′) fn(t, x, y) fn(t, x, y
′) ,
Y[TePnY ∫
YR
Q2(fn) ϕ dy = I2 + J2
.ÓZ§ ZnZ 0
#`jgqT
I2 =
∫ δ
0
∫
BR
∫ ∞
0
∫
R3
Aϕ dy′dy +
∫
Yδ,R
∫ δ
0
∫
R3
Aϕ dy′dy
+
∫
Yδ,R
∫ ∞
R1
∫
R3
Aϕ dy′dy +
∫
Yδ,R
∫ R1
δ
∫
{|p′|>R2}
Aϕ dy′dy
+
∫
Yδ,R
∫ R1
δ
∫
BR2
Aϕ1a≥N dy
′dy
.ÓZ§ Z90
enk
s
J2 =
∫
Yδ,R
∫ R1
δ
∫
BR2
Aϕ1a≤N dy
′dy.
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­ kgqTYinkVY[Tenk s£¢ iQpuY7yqQYenQen`jkgqTerg
|p|
m
≤
R
δ
≤
R2
2R1
≤
|p|+ |p′|
m+m′
,
pqi]gqTerg
mΛ
(
|p|
m
,
|p|+ |p′|
m+m′
)
≥ Λδ,R(RR2/R1) := δΛ
(
R
δ
,
R2
2R1
)
¡iQy
y ∈ Yδ,R
erk s
y′ ∈ (δ, R1)×B
c
R2
¢ enk s gqTerg
A = A (1fn≥M + 1fn<M ) ≤ A
θ′(fn)
θ′(M)
+M
a(y, y′)
|y′|
f ′n |y
′|
iQk
Yδ,R× (R1,∞)×R
3 §  pq`jkV[ghTVYGQyqiﬀ4ghT]vXink s `jgq`binkp.54n§  ;0 enk s .54Q§"4Jﬁ0 ¢ epu`bW`jdfery?vXinWmVcogeﬀgh`jiQk
ghi]gqTVYiQkVY[mY7yu¡iQyqWY
s
gqi¦YJp{gh`jW¦ergqY
I1
djYJe
s
pghi
I2 ≤
2
r(δ)
Yr(fn(t, x)) +
1
Λδ,R(RR2/R1)
Eλ(fn(t, x))
+
1
θ′(M)
∫
Yδ,R
θ′(fn)Q2(fn) dy +M ωδ,R(R1)
∫
Y
|y| fn(t, x) dy
+2M aδ,R2(N)
∫
Y
fn dy + 2
M
Φ(M)
D1Φ(fn(t, x)).
­
kgqTYirgqTYXy#Tenk
s£¢
mHYXyq¡inyhW`jkV]Y	wVeQv°gqdbt¦ghTVYpqenWY[vXinWmVcogeﬀgh`jiQkp#enp¡iQy
J1
¢
Y[inoger`bk
J2 ≤ 2 M N
∫
Y 2
fn ϕ
′ dy′dy +
2 M
Φ(M)
D1Φ(fn(t, x)) .
+RY]`jk2gqY7nyeﬀghY .¡Z§ ZQZ;0GiﬀQYXy
(0, T ) × BR
erk
s
cpqY ghTVY]Y7pugq`bWergqYJpG¡iQy
I2
erk
s
J2
erk
s
¯¨YXWW¦eZ§ 
ghiinoger`bk
¢
gqTerkV opgqi .Ao§ ﬁ04enk
s
.Ao§ 90
¢
∫ T
0
∫
BR
∫
YR
Q2(fn) ϕ dydxdt ≤
2 K0
r(δ)
+
K(δ, R)
θ′(M)
+M ωδ,R(R1)K0
+
K0
Λδ,R(RR2/R1)
+ 2M aδ,R2(N) K0 +
4 M
Φ(M)
K0
+ 2 M N
∫ T
0
∫
BR
∫
Y 2
fn ϕ
′ dy′dydxdt .

pu`bkVghTVY[erdbyqYJe
s
t]Y7pughenVdj`fpqTVY
s
Y7en ]vXinWmeQv°gqkY7php?ir
(fn)
`jk
L1((0, T )×BR×Y )
¢
Y}W¦ePt
menphp¬gqi gqTVY©dj`bW`¥gC¤yp{g4enp
|E| → 0
¢
ghTVYXkpucvXv	YJpqpq`bnYXdbteQp
N → +∞
¢
R2 → +∞
erk
s
R1 → +∞
¢
enk
s
¤kerdbdbtenp
M → +∞
erk
s
δ → 0
¢
gqi«vXinkvXdjc
s
Yn§
ut
S4TenkV opGghi¯$YXWW¦e«Z§ø¦enk
s
¯$YXWW¦e«Z§  
¢
gqTYXyhYeryhYepucpuYJ´2cVYXkvXYir
(fn)
.¡kVing©yhYXdferHYXdbY
s
0
enk
s
kVinkVkYXQergq`bnY©¡cVkv	gq`binkp
f
¢
Q¯1
¢
Q¯2
pqcvTgqTerg
fn ⇀ f
Y7er adbt«`bk
L1((0, T )×BR × Y ) ,
.ÓZ§ Z%0
÷¡û<ü¨÷äØ
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4  
enk s
Qi(fn) ⇀ Q¯i
CYJer adbt«`jk
L1((0, T )×BR × YR)
.ÓZ§ Za90
¡iQy
i = 1, 2
¢
T > 0
enk s
R > 0
§
=Åg}yhYXW¦en`jkp#gqi«` s YXk2gh`¥¡t
Q¯i
¢
i = 1, 2
¢ `jklghYXyhWpGir
f
§4^o`jkvXY
Q(fn)
`bkaniQdjQY7p#´2ce s yhergq`fv}ghYXyhW¦p ¢
pqinWYpugqyhinkVv	iQW]menv°ghkVY7php4`fp4kVYXY s Y s erk s `fp4gqTY[pqcVoz{YJv°gGinghTVYkVY	wagGpqY7v°gh`jiQk¨§
     '( ﬀﬁﬂﬃ
y 
$( $
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T > 0
   ﬁ #( 9	ﬀ 1   3 9	 #	<	
<	#
(gn)
	
(Gn)
5
L1(ΩT×Y )
#(   ﬁ
∂tgn + v · ∇xgn = Gn

ΩT × Y.


#<#<'	><3ﬀ(  	ﬀ   ﬁ
(gn)
1# 1 	<'ﬁ!98ﬃ<ﬃ ; 
L1((0, T )×BR × YR)
ﬁﬀ 	<;
R > 0
2(  	 
ﬁﬀ 8
ψ = ψ(y, y′) ∈ L∞(Y 2)
1   <  9 #(  ﬁﬀ(    	ﬀ 	  !  #
∫
Y
gn(t, x, y)ψ(y, y
′) dy

	!" $#    #(ﬀ  $ﬁ! 8    9 #<

#	5
L1((0, T )×BR × YR)
.ÓZ§ ZQ%0
ﬁﬀ 	<9
R > 0

S4TV`fp[`fpemenyugh`bvXcVdbenyv7enpqY in:gqTYQYXdbiavX`¥g{t½ePQYXyerQ`jkV¦dbYXWW¦e Î
¢
4J
¢
  
¢
kVingq`fv	`bkVgqTerg
v =
v(y) = p/m
pheﬀgq`fpu¤Y7pghTVY[kVink
s
YXnY7kVYXyenvXt«v	iQk
s
`jgq`bink
W]YJenp
{y ∈ Y , σ · v(y) = u} = 0
¡iQy©Y7nY7yqt
σ ∈ S2
erk
s
u ∈ R
§GY7nY7yughTVYXdbY7php
¢
`jg[v7erk½HY]pqYXY7k enpevXinkpqY7´2cVY7kv	Y ir?ghTVYvXdbeQpqpq`bv7erd
ePQYXyerQ`jkV djY7W]W¦e 64
¢
4JeQp4CYpqTViﬀ HYXdbiﬀ§


º¨º
ﬀ
+RYeQpqpqcVWY¡cyughTVYXy©gqTerg
(gn)
`fpiQcVk
s
Y
s
`jk
L2((0, T ) × BR × YR)
§+ŁY
¤w
α = α(m) ∈ Cc(R+)
enk
s
inpqYXyhnY©gqTerg
g˜n(t, x, v) :=
∫ ∞
0
gn(t, x,m,mv)α(m) dm, G˜n(t, x, v) :=
∫ ∞
0
Gn(t, x,m,mv)α(m) dm
HYXdbink]yhY7pqmHY7v°gh`jQYXdbt¦gqi¦e]HincVk
s
Y
s
pucpuYXgGir
L2ﬁ ﬂﬃ (ΩT × R
3)
erk
s
L1ﬁ ﬂﬃ (ΩT × R
3)
erk
s
pheﬀgq`fpu¤Y7p
∂g˜n
∂t
+ v · ∇xg˜n = G˜n
`bk
(0, T )× Ω× R3.

pu`bkV]gqTYv	dfenphpu`fvXendHQYXdbiov	`jg{tePnY7yhenn`bkVdbYXWW¦e "4J
¢
CY[nYXg4gqTerg
∫
R3
∫ ∞
0
gn(t, x,m,mv)α(m) dmβ(v) dv
HYXdbinkQpgqi¦epugqyhinkVQdjt«vXinWmenv	gGpucVpuYXgGir
L1ﬁ ﬂﬃ (ΩT )
¡iQy#YXnY7yqt
β ∈ Cc(R
3)
§
üü ÇAVÚhÚ	Ý
n
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      x0YXyq¡inyhW`jk«gqTY]vTenkVnY]irCPenyq`ferdjYJp
(m, v) → (m, p = mv)
¢ ghTVYmVyhYXa`jiQcpp{ghYXm
enk s ghTVY v	inWmeQv°ghkVY7phpingqTYRpqcVmVmHinyqgin
α
`bW]mdjt ghTeﬀg .¡Z§ Z290TVind s pgqyhcVYŁ#`jgqT
ψ(y, y′) =
α(m) β(p/m) m−3
§
+RYEkViﬀ¤w
χ ∈ Cc(R+)
erk s
ζ ∈ Cc(R
3)
§ ,CiQkpq` s Y7y
k ∈ N
erk s
` ∈ N3
§ +RY s Y s cv	Y
¡yhinWﬃgqTVYmVyhYXa`bincppugqY7mŁ#`jgqT
α(m) = mk χ(m)
erk s
β(v) = v` ζ(v)
ghTeﬀgﬃ.ÓZ§ ZQ90`fp[ﬀerdb` s ¡iny
ψ(y, y′) = mk−|`|−3 p` χ(m)ζ(p/m)
§¬S4TVYXyhY	¡iQyqY ¢ .ÓZ§ ZQ;0 TVind s p0¡iQy
ψ(y, y′) = ϕ(y)χ(m)ζ(p/m)
¡iQyGerkat
ϕ ∈ Cc(Y¯ )
2tgqTVY ^agqinkY	² +ŁY7`jY7yhpugqyenphp?ghTVYXiQyqY7Wl§
,CTViai2pu`bkV
ζ ∈ Cc(R
3)
pqcvTlghTeﬀg
ζ ≡ 1
ink
Bρ
¡iQy©e¦pqc &«v	`bYXk2gqdbtdbenyqQY
ρ
. s Y7mY7k s `bkViQklgqTVY
pqcVmVmHinyqg#ir
ϕ
erk s
χ
0 ¢ YyhY7endj`bªXY©gqTeﬀg .¡Z§ Z290C`bp}env°ghcerdbdbtgqyhcVY¡iny
ψ(y, y′) = ϕ(y)χ(m)
¡inyGenkat
ϕ ∈ Cc(Y¯ )
§¬<`bkerdbdjt ¢ cpu`bkVghTVY}Y7en vXinWmenv	gqkVYJpqp:ir
(gn)
¢ CY©WePt]dbY	g
χ→ 1
erk s«s Y s cvXYGghTeﬀg
.ÓZ§ ZQ90`fp4ﬀerdb` s ¡iQy
ψ(y, y′) = ϕ(y)
¡iQyGerkat
ϕ ∈ Cc(Y¯ )
§
+RYghTVYXk mVyhiavXYXY s enp`jk "4 ¢ ,Cinyhindbdbenyqt=  §ÎgqiŁyqY7W]iﬀQY¦gqTYe ss `¥gh`jiQkerd4enphpqcVWmogq`bink ghTeﬀg
(gn)
`fp:Hinck
s
Y
s
`jk
L2
.
s
YXyhYXkViQyqW¦endj`bª7ergq`bink]gqYJvTVkV`f´QcY70?enk
s
ghi Y	waghYXk
s
ghTVY}yhY7pqcVdjg:ghigqTY©v	dfenphp?in
¡ckv°gh`jiQkp
ψ ∈ L∞(Y 2)
.
s
YXkpq`jg{teryhncW]Y7k2g<0
¢
ghTacp#v	iQW]mdjYXgq`bkV]gqTVYmVyhiair<ir¬S4TVYXiQyqY7W Z§647o§
ut
 
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+RYer`bW gqipuTiﬀ gqTerg
Q¯i = Qi(f)
¡iny
i = 1, 2
¢
#TVYXyhY
f
¢
Q¯1
erk
s
Q¯2
eryhY
s
YX¤kVY
s
`bk.ÓZ§ Z90erk
s
.ÓZ§ Za0	§
 
 
iny
n ≥ 1
¢
CY[mVcog
ρn :=
∫
Y
fn dy, ρ :=
∫
Y
f dy,
enk
s
v	dfer`bWgqTeﬀg
ρn −→ ρ
`bk
L1((0, T )×BR)
erk
s
e§ YQ§<`bk
(0, T )×BR
.ÓZ§ Z %0
¡iQy#Y7eQvT
R > 0
§>=³k
s
Y7Y
s£¢
¤Vw
R > 0
§ +RYTePnY
ρn = ρ
M
n + σ
M
n
#`jgqT
ρMn :=
∫
YM
fndy
¡iQy
n ≥ 1
erk
s
M > 0
§½|t S4TVYXiQyqY7W Z§"4J
¢
(ρMn )
HYXdbinkV2pgqiŁe½p{ghyqiQkVndbtŁvXinWmeQv°gpqcVpqY	g in
L1((0, T )×BR)
¡iny#YJenvT
M > 0
¢
#TV`bdjY
σMn
pheﬀgq`fpu¤Y7p
σMn :=
∫
Y cM
fn dy ≤
1
M
∫
Y
fn |y| dy
enk
s
ghTacp4v	inkaQYXyhnY7p?gqi]ªXY7yqi]`jk
L1((0, T )×BR)
eQp
M → +∞
¢
ghTVYv	inkaQYXyhnYXkv	YGHYX`bkV]cVkV`j¡inyhW
#`jgqTlyhY7pqmYJv°g4gqi
n ≥ 1
at.Ao§ 0	§:S4TVYv	dfer`bW .ÓZ§ Z ﬁ0CgqTYXklyqYJe
s
`bdbt¦¡indbdjiﬀGp7§
 
 
+RY kY	wagvXinkpq`
s
YXy
ϕ ∈ D(Y )
enk
s
R > 0
pucvT½gqTergpqcVmVm
ϕ ⊂ YR
§¯$Y	g
δ
¢
N
¢
R1
erk
s
R2
HYmi2pu`jgq`bnY[yhY7erd.kacVWY7yhp#pqcvTgqTerg
R1 ≥ R + 2R
2/δ
erk
s
R2 ≥ 2R
2
1/δ
¢
enk
s
mVcog
b1 =
1
2
aϕ′′ 1a≤N 1X1 , b2 = aϕ1a≤N 1X2 ,
÷¡û<ü¨÷äØ
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#`jgqT
X1 = {(y, y
′) ∈ Y 2;m,m′ ∈ [δ, R], p′ ∈ BR1 , p ∈ BR(−p
′)}
¢
X2 = {(y, y
′) ∈ Y 2; y ∈
Yδ,R, m
′ ∈ [δ, R1], p
′ ∈ BR2}
§
+RY[¤yp{g}vXdben`jW ghTeﬀg ¢ ¡iny
i = 1, 2
¢
η ∈ (0, 1)
enk s
R0 > 0
¢ gqTVY7yqYTViQd s p
1
1 + η ρn
∫
Y
fn
∫
Y
bi f
′
n dy
′ dy ⇀
1
1 + η ρ
∫
Y
f
∫
Y
bi f
′ dy′ dy
.ÓZ§ﬀr%0
Y7en adjt«`bk
L1((0, T )×BR0)
§ =³k s YXY s£¢ kirgq`fv	Y[ghTeﬀg ¢ pq`jkvXY
bi ∈ L
∞(Y 2)
#`¥ghT½v	iQW]menv°gGpqcVmVmHinyqg ¢
S4TYXinyhYXW Z§"4Jerk s .¡Z§ Z  90`jWmVdbt«ghTeﬀg
1
1 + η ρn
∫
Y
bi f
′
n dy
′ →
1
1 + η ρ
∫
Y
bi f
′ dy′
eV§ Yn§0`bk
(0, T )×BR0 × YR ,
enk
s
`¥g]`bpiQcVk
s
Y
s
`jk
L∞(ΩT × Y )
at
N ‖ϕ‖L∞/η
§ ,CinW `jkV`bkVEghTVY7pqY¦mVyhinmHYXyqgq`bY7p#`jgqT gqTVY
Y7en ŁvXinkanY7yqQYXkvXY .ÓZ§ Z90ir
(fn)
ta`jY7d
s
p .¡Z§ﬀr;0atRpughenk
s
eny
s
`bkQghYXQyhergq`bink eryhncVWY7kQgp
¢
puY7Y"ÎQ
¢
¯$YXWW¦e~§Î¨¡iQy#`jkpughenkv	YQ§
+RYkViﬀ*en`jW eﬀgGmeQpqpq`bkV ghigqTVYdb`bW]`jg}enp
η → 0
§?~©pGe¤yp{g}vXinkpqY7´2cVY7kv	Yir¬¯¨Y7W]W¦e]Z§  erk
s
.ÓZ§ﬀr90
¢
YiQoghen`jkgqTeﬀg
∫ T
0
∫
BR0
∫
Y 2
bi f f
′
1 + η ρ
dy′ dy dx dt ≤ lim inf
n→+∞
∫ T
0
∫
BR0
∫
Y 2
bi fn f
′
n
1 + η ρn
dy′ dy dx dt
≤ sup
n≥1
∫
ΩT
∫
Y
Qi(fn) dy dx dt
¡iQy}YJenvT
η ∈ (0, 1)
§}S4TVYmeryerWY	ghYXyp
R0
¢
R
¢
N
¢
δ
¢
R1
¢
R2
enk
s
η
Y7`jkVeryhV`jgqyeryht
¢
Y
s
Y
s
cv	Y
¡yhinWgqTVYeﬀgqiQcdbYXWW¦e]gqTeﬀg
∫ T
0
∫
BR0
∫
Y
∫
Y
aϕ f f ′ dy′ dy dx dt ≤ sup
n≥1
∫
ΩT
∫
Y
Q2(fn) dy dx dt <∞ .
.ÓZ§ﬀ34 0
+RYkVY	wagGiQpuY7yqQY}ghTeﬀg
¢
¡iny
M ≥ 1
erk
s
η ∈ (0, 1)
¢
YTePnY
ηρn
1 + η ρn
=
ηρn
1 + η ρn
(1ρn<M + 1ρn≥M ) ≤ ηM + 1ρn≥M .
,CiQkpqY7´2cVYXk2ghdjt
¢
sup
n≥1
∫ T
0
∫
BR0
ηρn
1 + η ρn
∫
Y 2
bi fn f
′
n dy
′ dy ≤ ηM sup
n≥1
∫
ΩT
∫
YR
Q2(fn) dy dx dt
+ sup
n≥1
∫ T
0
∫
BR0
∫
YR
1ρn≥M Q2(fn) dy dx dt .
+RY¤ypugGcpuYﬃ.Ao§ 904gqi«meQpqpghi¦gqTYdj`bW`¥genp
η → 0
enk
s
gqTVY7kEcpqY¯¨YXWW¦eZ§  ¦enk
s
.¡Z§ Z ;0gqi«dbY	g
M → +∞
erk
s
v	iQkv	dbc
s
YghTeﬀg
lim
η→0
sup
n≥1
∫ T
0
∫
BR0
ηρn
1 + η ρn
∫
Y 2
bi fn f
′
n dy
′ dy dx dt = 0 .
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~}dbpqi ¢ `jg#¡indbdbiﬀGp¡yqiQW .¡Z§ n90CgqTerg
lim
η→0
∫ T
0
∫
BR0
ηρ
1 + η ρ
∫
Y 2
bi f f
′ dy′ dy dx dt = 0 .
,CiQW V`bkV`bkV]gqTVYmyqY72`bincp:g{i` s YXk2gq`jgq`bY7p##`jgqT .ÓZ§ﬀr90 ¢ CY[Y7k s cVm#`jgqT
∫
Y
fn
∫
Y
bi f
′
n dy
′ dy ⇀
∫
Y
f
∫
Y
bi f
′ dy′ dy
.ÓZ§ﬀn;0
Y7en adjt¦`bk
L1((0, T )× BR0)
§
    
+RYkViﬀ puTViﬀ gqTerg
Q¯i = Qi(f)
¡iQy
i = 1, 2
§0iny
i = 1, 2
¢
CY[#yh`¥ghY
∫
Y
Qi(fn)ϕdy = I
n
i +
∫
Y
fn
∫
Y
bi f
′
n dy
′ dy ,
#TYXyhY
In1
enk
s
In2
enyqYn`bnY7kat .ÓZ§ Z4 04enk
s
.¡Z§ Z90#`¥ghT
A = a fn f
′
n
¢
yqYJpumHY7v	gq`bnY7djtQ§0~}dbpqi
¢
∫
Y
Qi(f)ϕdy = Ii +
∫
Y
f
∫
Y
bi f
′ dy′ dy ,
#TYXyhY
I1
erk
s
I2
eryhY©Q`jQYXk2t .ÓZ§ Z4 0enk
s
.ÓZ§ Zﬁ0C#`jgqT
A = a f f ′
¢
yhY7pqmYJv°gq`bnY7djtQ§<|t .ÓZ§ﬀ34 0erk
s
ghTVYerkerdbtapq`fpCin0^aYJv°gh`jiQkl
¢
CY[TePQY
Ini + Ii → 0
`jk
L1(ΩT × Y )
ckV`¥¡iQyqWdbt#`jgqTEyhY7pqmYJv°gGghi
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∂tfε + v · ∇xfε =
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∫
ΩT
Y1(fε) dx dt ≤ 4 ‖f
in‖L1 ,
ﬁ	
‖Φ(fε(t))‖L1 ≤ ‖Φ(f
in)‖L1
ﬀﬃ#  	
Φ
#ﬃ 	   
 
	 'ﬃ8   	 ﬁﬀ$9	 #


ﬃ5	   @ﬀ ﬃ5	 
fε → 0
 #
ε → 0


1 ﬁ3! 

	  	ﬀ 	(#(%$2 6 $ﬁ3ﬀ 	 3 1  	 	ﬀ' 
1 	-#( ﬀ(<ﬀ   #	<	
<	 531 	!!9.0
ﬀ 	 ﬀ 	
	' ﬁ! 9ﬁ   	 #	 	
<	
(fε)
<5 	ﬀ$%	(#   
@. ﬀ(!57! #ﬁ! 3ﬁ  #!-ﬀ 5  	 ﬀ/ #! ﬁﬀ#
ﬃ
& ﬁ<¦    
 
«	"£
#
  
#ﬁ0
ﬀ
) ﬁ)
S4TY]myqiairC`bp[YJpqpqYXk2gq`ferdbdbtlgqTVY¦pherWY]eQpgqTerg`jk  2
¢
^aYJv°gh`jiQk:erk
s
mVyhiavXYXY
s
p`jkŁg{CilpugqYXmp?CY
¤yhpug:v	iQkpu`
s
Y7y?erkermVmVyhiPwo`jW¦ergqY
s
mVyhinVdbYXW erk
s
gqTYXkgqicpuY4ghTVYGp{gerV`bdb`¥g{tyqYJpucVdjg .ÓS4TYXinyhYXW V§ 90 `bk
iQy
s
YXy¨ghi}meQpqp¨gqi}gqTVYdj`bW`¥gJ§<inygqTVYpqen nY?inv	iQWmVdjYXgqY7kVY7php
¢
YCpq nYXghvTHYXdbiﬀ gqTVYW¦er`bk`jknyhY
s
`bYXk2ghp
in$ghTVY7pqY[g{Ci¦pugqY7mpX§
 
     

  
+RY`jk2ghyqi
s
cvXYgqTVYWi
s
`j¤Y
s
v	i2erdbY7phv	Y7kv	Y©gqY7yqW
Qδ,λ(g) := Q˜δ(g) + λ g,
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∫
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∂tfδ + v · ∇xfδ = Q˜δ(fδ)
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(0, T )× Ω× Y,
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fδ(0) = f
in `bk Ω× Y,
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v	iQW]`bkVn²

cVwiQcVk
s
²
enyqt«vXink
s
`¥gh`jiQkp4#TVYXk
Ω
`bp4Hinck
s
Y
s
§
|t¦p{gerk
s
ery
s
`¥ghYXyeﬀgh`jQY}eryhncVWY7kQgp
¢
. § ﬁ0?Y7kpqcVyqYJp?ghTeﬀg
fδ
`fpC`jkÓenv°g4eQdjiQerdHpuiQdjcogh`jiQk .¡#`jgqT
T = ∞
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Φ ∈ C1([0,+∞))
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